A single nucleotide polymorphism of MYC rs9642880 (G>T) at the 8q24.1 locus is thought to be associated with bladder cancer risk based on the results of genome-wide association studies, but the results remain inconclusive. To assess the association between rs9642880[T] allele and bladder cancer risk, we performed this meta-analysis including 18 case-control studies and involving 23,084 cases and 97,164 controls. Electronic searches for publications were conducted to determine the association between this variant and prostate cancer in several databases. The last search update was August 4, 2014. We used odds ratios and 95%CIs to evaluate the strength of the associations. The overall results suggested that the rs9642880[T] allele was associated with bladder cancer susceptibility (T vs G, odds ratio = 1.18, 95%CI = 1.14-1.22). In subgroup analysis by ethnicity and source of controls, the risk remained significant. The present meta-analysis suggests that the MYC rs9642880 [T] allele is significantly associated with bladder cancer risk.
INTRODUCTION
Urinary bladder cancer is the 9th most common cancer (Golka et al., 2011) . There were approximately 386,300 new cases and 150,200 deaths from bladder cancer in 2008 worldwide, with most cases occurring in males (Jemal et al., 2011) . Bladder cancer is a complex and heterogeneous disease caused by interactions between both environmental and genetic factors. The strongest known environmental risk factors include occupational exposure to bladder carcinogens, cigarette smoking, and male gender. Numerous inherited genetic variants have been reported to be associated with bladder cancer risk, but few of these candidate-gene associations have been consistently replicated (Chang et al., 2012) , indicating that the precise molecular mechanisms of bladder cancer are unclear.
Several studies have identified numerous single-nucleotide polymorphisms on chromosome 8q24 that are associated with the risk of breast, prostate, and colorectum cancers (Easton et al., 2007; Gudmundsson et al., 2007; Zanke et al., 2007) , indicating that genetic variation in this region may play an important role in the etiology of numerous cancers. Recently, genomewide association studies have reported that the 8q24 single-nucleotide polymorphism rs9642880 is associated with risk of urinary bladder cancer (Golka et al., 2009; Wang et al., 2009; Schwender et al., 2012; Yates et al., 2013; Wang et al., 2014a) . The rs9642880 (G>T) variant is located in the linkage disequilibrium block and only 30 kb upstream of MYC (Kiemeney et al., 2008; Golka et al., 2009) . MYC is a multifaceted protein that regulates cell proliferation, differentiation, and apoptosis, and plays an important role in various cancers (DePinho et al., 1991) . In addition, MYC, which is activated in 70% of all human cancers, is upregulated in bladder cancer and is thought to promote tumor progression (Sauter et al., 1995; Nilsson and Cleveland, 2003) . In recent years, the single nucleotide polymorphism MYC is rs9642880 (G>T) has been extensively examined.
Several studies have focused on the association between the minor [T] allele of rs9642880 and bladder cancer susceptibility (Golka et al., 2009; Wu et al., 2009; Schwender et al., 2012; Yates et al., 2013; Wang et al., 2009 Wang et al., , 2014a . Many of these studies showed that the rs9642880[T] allele on 8q24 had the strongest association with the risk of bladder cancer. However, Yates et al. (2013) found that the [T] allele of rs9642880 was not associated with adverse pathological variables, indicating that the results are inconclusive. Thus, we performed a meta-analysis to more precisely estimate this association between the MYC rs9642880 polymorphism and bladder cancer risk.
MATERIAL AND METHODS

Identification and eligibility of relevant studies
We searched the electronic database PubMed for all relevant articles (the last search update was August 4, 2014) using the following search terms: "MYC" or "rs9642880", "genetic variant" or "polymorphism", "bladder cancer" or "carcinoma of bladder". The search was limited to English-language articles. Additional studies were identified by a manual search of the references of original studies. All relevant publications were reviewed. When more than one study of the same population was included in several publications, only the most recent or complete study was used in this meta-analysis. As a result, 8 eligible case-control studies were included in our meta-analysis.
Data extraction
Two investigators independently extracted information from all eligible publications. Discrepancies were adjudicated by a third reviewer until consensus was achieved on every item. For each eligible study, the following information was recorded: first author's name, year of publication, country of origin, ethnicity, source of control groups (mixed-, population-, or hospital-based controls), genotyping method, and number of cases and controls. For studies including subjects of different ethnic groups, data were extracted separately for each ethnic group whenever possible. Different ethnicities were categorized as European and Asian. MYC locus polymorphism studies provided information for the allele of G or T of rs9642880.
Statistical analysis
The strength of the association between the MYC rs9642880 polymorphism and bladder cancer risk was measured by odds ratios (ORs) with 95%CIs. To examine heterogeneity across the studies, a statistical test for heterogeneity was performed based on the Q statistic (Handoll, 2006) . If the P value was > 0.05, the Q test indicated a lack of heterogeneity among studies, and the summary OR estimate of each study was calculated using the fixed-effect model (the Mantel-Haenszel method) (Mantel and Haenszel, 1959) . Otherwise, the randomeffect model (the DerSimonian and Laird method) was used (DerSimonian and Laird, 1986) . Stratified analyses were also performed by ethnicity and source of controls. Sensitivity analyses were performed to assess the stability of the results. A single study in the meta-analysis was deleted individually to determine the influence of an individual data set on the pooled OR. In addition, both funnel plot and the Egger test were used to assess publication bias (P < 0.10 was considered statistically significant) (Egger et al., 1997) . All statistical analyses were performed in the Statistical Analysis the System software (version 11.0; StataCorp LP, College Station, TX, USA), using 2-sided P values.
RESULTS
Characteristics of studies
In total, 18 eligible case-control studies involving 23,084 cases and 97,164 controls were included in this meta-analysis (Kiemeney et al., 2008; Golka et al., 2009; Wu et al., 2009; Schwender et al., 2012; Yates et al., 2013; Wang et al., 2009 Wang et al., , 2014a . The characteristics of studies selected are summarized in Table 1 . These eligible publications included studies from France, Germany, Iceland, Netherland, UK, Italy, Belgium, Sweden, Spain and other Europeans, US, and China populations. All studies were case-control studies. There were 4 studies of Asians and 14 studies of Europeans. Bladder cancers were confirmed histologically or pathologically in most studies. The TaqMan assay was performed in 6 studies. Moreover, controls were age-and gender-matched in most studies, 5 of which were population-based, 10 were hospital-based, and 3 were mixed. The distribution of the rs9642880[T] allele among bladder cancer cases and controls of all studies are shown in Table 1 .
Quantitative synthesis
The main results of this meta-analysis and the heterogeneity tests are shown in Table 2 . Significant associations were observed between the rs9642880[T] allele and risk of bladder cancer in the overall population (T vs G, OR = 1.18, 95%CI = 1.14-1.22, P heterogeneity = 0.797). Furthermore, in the stratified analysis, there were significantly increased risks among studies with populationbased controls (OR = 1.16, 95%CI = 1.09-1.24, P heterogeneity = 0.859) and hospital-based controls (OR = 1.23, 95%CI = 1.16-1.32, P heterogeneity = 0.643) ( Table 2 ). In addition, we analyzed subgroups by ethnicity (Europeans and Asians). A significant association was also detected in bladder cancer among Europeans (OR = 1.18, 95%CI = 1.14-1.23, P heterogeneity = 0.755) and Asians (OR = 1.19, 95%CI = 1.10-1.28, P heterogeneity = 0.425) ( 
Test of heterogeneity and sensitivity analyses
No significant heterogeneity between studies was detected in overall comparisons (Table  2) . Moreover, a single study involved in the meta-analysis was deleted to reflect the influence of the individual data set on the pooled ORs, and the corresponding pooled ORs were not materially altered (data not shown), suggesting that the results of this meta-analysis were stable.
Publication bias
Begg's funnel plot and the Egger test were used to assess publication bias. The shape of the funnel plots revealed no evidence of obvious asymmetry in the overall meta-analysis ( Figure  1 shows the funnel plot of overall T vs G). Next, to provide statistical evidence of funnel plot symmetry, the Egger test was performed. The results still did not present any obvious evidence of publication bias (P > 0.05).
DISCUSSION
The present meta-analysis, including 23,084 cases and 97,164 controls from 18 casecontrol studies, explored the association between the MYC rs9642880[T] allele and bladder cancer risk. This is the most comprehensive meta-analysis that has investigated whether the MYC rs9642880[T] allele at the 8q24.1 locus is associated with bladder cancer risk. Our results showed that the rs9642880[T] allele was associated with an increased risk of bladder cancer. Given the important roles of MYC in regulating cell proliferation, it is biologically plausible that genetic variations in MYC rs9642880 (G>T) may modulate the risk of bladder cancer.
Cancer is a multifactorial disease that results from complex interactions between many inherited and environmental factors (Pharoah et al., 2004) . In contrast to familial cancer syndromes, these factors generally increase the risk of sporadic forms of cancer that tend to be common in the population. Genetic variations in DNA repair genes can adjust the DNA repair capacity and alter cancer risk. Known genes account for a small proportion of cancer risk, and approximately 150 human DNA repair genes have been identified (Wood et al., 2005) . However, the actual number of human DNA repair genes is likely to be higher, and many genes with modest effects remain to be identified.
MYC, also known as c-MYC, is a nuclear phosphoprotein transcription factor that plays an important role in cell apoptosis and proliferation. In addition, MYC regulates approximately 10% of human genes (Fernandez et al., 2003) and have the ability to promote cellular proliferation and block cellular differentiation. Dysregulation of MYC has been detected in a wide variety of human tumors, such as prostate cancer, breast cancer, and osteogenic sarcoma (Anso et al., 2013; Zhang et al., 2014; Terunuma et al., 2014) . For the past few years, MYC genetic variations have received widespread attention, particularly the single nucleotide polymorphism MYC rs9642880 (G>T). Recently, several studies have investigated the association between the MYC rs9642880[T] allele and bladder cancer susceptibility in different countries (Kiemeney et al., 2008; Golka et al., 2009; Wu et al., 2009; Schwender et al., 2012; Yates et al., 2013; Wang et al., 2009 Wang et al., , 2014a . However, the results are inconclusive, partially because of the possible small effect of the polymorphism on bladder cancer risk and the relatively small sample sizes in each of the published studies. Therefore, to more precisely estimate the association, a meta-analysis including 23,084 cases and 97,164 controls from 18 case-control studies was performed. Our results suggest that the MYC rs9642880[T] variant genotype is significantly associated with the risk of bladder cancer in the overall studied populations.
In stratified analysis by ethnicity, we detected a significant association in both Europeans and Asians, suggesting that ethnic differences in genetic backgrounds and the environmental/ lifestyle context do not affect the association between the MYC rs9642880[T] allele associated and bladder cancer risk. The same result was also found in the stratified analysis in population-based and hospital-based controls, indicating that including a different source of controls did not influence the association.
There were several limitations to our analysis. First, the overall outcomes were based on individual unadjusted ORs, while a more precise evaluation should be adjusted by other potentially suspected factors (i.e., smoking, age, and environmental factors). Second, because the eligible studies included in the meta-analysis were only those that have been published, publication bias may have occurred, although statistical analysis of the data did not show this effect. Despite these limitations, the meta-analysis also had some advantages. First, the results may be unbiased as no publication biases were detected. Second, the number of total cases and controls was substantial, which significantly increased the statistical power of this study.
In conclusion, based on our larger sample size, the results of this meta-analysis suggests that rs9642880[T] is a risk factor for bladder cancer. The MYC rs9642880[T] allele may be an independent risk factor for bladder cancer. Nevertheless, additional larger studies, particularly studies stratified for gene-environmental interactions, should be carried out to confirm our findings.
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